INTRODUCTION {#s1}
============

According to the World Cancer Report 2014, it was estimated that 14 million people have been diagnosed with cancer and 8.2 million people died from cancer in 2012.[@R1] It is predicted that around 25 million people would be trapped by cancer in 2032.[@R1] Several organizations and institutions have indicated that cancer distribution and mortality varied by different countries and the increasing number of death due to cancer has become a global challenge. Thus, reducing cancer incidence and mortality has a substantial impact on the world. Numerous studies and clinical trials have focused on discovering the early detection and diagnosis methods which are the keys to the survival of patients with cancer.[@R2]

Current cancer diagnosis standard is based on pathological evidence, and it usually involves invasive procedures.[@R3] Although imaging screening test (such as computed tomography and low-dose computed tomography) could provide an effective way for detecting microtumors, the issue of over diagnosis and radiation caused by imaging screening tests is still unsolved.[@R4] However, biomarkers, another extensively studied method to assess tumor in the initial stages, have several advantages including noninvasion to human body, low cost, and repeatability.[@R3] However, the application of proposed tumor biomarkers, such as cytokeratin 19 fragment (CYFRA21-1), carcinoembryonic antigen, neuron-specific enolase, tissue polypeptide-specific antigen, chromogranin A, antigenic determinant (CA125), and carbohydrate antigen 19-9 (CA19-9), was restricted due to their limited sensitivity and specificity. Therefore, it is critical to explore alternative biomarkers for the early detection and diagnosis of cancer.[@R4]

Recently, a lot of attention has been focused on MicroRNAs which could be considered as potential biomarkers. MicroRNAs are a class of short noncoding RNA molecules with significant capacity to regulate gene expressions. The miR-200 family, which includes 5 members (miRNA-200a, miRNA-200b, miRNA-200c, miRNA-429, and miRNA-141), is expected to have significant clinical values.[@R5] The suppressive effect of miR-200 on metastases of and metastatic-like primary tumors was discovered by 2 independent groups.[@R6],[@R7] Subsequent studies have verified the dysregulation of the miR-200 family in a variety of cancers, such as ovarian,[@R5] bladder,[@R8] breast,[@R9],[@R10] and prostate.[@R11] Apart from that, miR-200 family is extremely stable in the blood cell and serum. As a result of this, miR-200 family could be considered as a potential candidate for accurate and noninvasive cancer diagnosis.[@R12]--[@R14]

Numerous researches have been conducted to explore the effectiveness of the miR-200 family in tumor detection. The diagnostic feasibility of those miRNAs has been explored in prostate, lung, ovarian, endometrial, breast, gastric, bladder, renal cell, cervical, and colorectal cancer using various specimens, including the serum, sputum, blood, tissue, plasma, and urine.[@R14]--[@R31] The highest sensitivity and specificity level of miR-200 in cancer detection were 97.5% and 100%, whereas the lowest sensitivity and specificity level of miR-200 were 47.3%[@R25] and 32.1%, respectively.[@R19] Therefore, the accuracy of miR-200 for cancer detention varied substantially among individual studies. Some studies indicated inconsistency between sensitivity and specificity, whereas others had less conflicting results.[@R14],[@R17],[@R20]--[@R24],[@R26],[@R29],[@R31] Intuitively, the substantial difference in the sensitivity and specificity among different studies could be attributed to a wide range of factors including sample size, ethnicity, population structure, specimen, cancer types, and types of applied miR-200 family. Therefore, a meta-analysis was performed to investigate the overall validity and accuracy of miR-200 in cancer detection and diagnosis.

MATERIALS AND METHODS {#s2}
=====================

Search strategy {#s2-1}
---------------

Relevant studies were searched electronically from the following databases, including Chinese Biological Medicine (CBM), Chinese National Knowledge Infrastructure (CNKI), Embase, and PubMed, and articles up to July 28, 2015, were included in the searching criteria. The following searching keywords were used: ("MIRN200 microRNA, human" OR "miR-200" OR "miR-429" OR "miR-141" OR "miR-200a" OR "miR-200b" OR "miR-200c") AND ("diagnoses" OR "sensitivity" OR "specificity" OR "ROC curve") AND ("cancer" OR "tumor" OR "neoplasm" OR "malignancy"). The searching keywords were constructed by combining 3 supplementary concepts, naming "cancer," "MiR-200," "human," and "diagnosis" with their synonyms suggested by the database. These keywords have been searched in all fields, and some study references were also screened manually to reduce selection bias.

Inclusion and exclusion criteria {#s2-2}
--------------------------------

The following 5 criteria were used to determine the eligibility of studies to be included in the meta-analysis: (1) at least one member of miR-200 family has been applied to diagnose cancer; (2) the gold standard is used to confirm the diagnostic results of cancer; (3) studies are conducted on humans; (4) samples consist of a case group and a control group with cancer-free specimens; (5) there are enough data in the study to derive or reconstruct a 2 by 2 table containing true positive, false positive, true negative, and false negative values. Researches with any of the exclusion criteria have been ruled out: (1) reviews, case reports, and letters; (2) studies with incomplete data; (3) studies without a gold standard for cancer diagnosis; (4) duplicated studies or articles.

Data extraction and document assessment {#s2-3}
---------------------------------------

Data extraction was carried out by 2 independent investigators who reviewed the full texts of all included articles. Then, sensitivity, specificity, true positive, false positive, true negative, and false negative were calculated for each of the included studies. Moreover, other study information (first author, year, and country of publication), characteristics of study population (ethnicity, sample size, and source of control), and corresponding data of meta-analysis (specimen, detection method, and members of miRNA) were recorded. Finally, the quality of selected articles was assessed by the revised quality assessment of diagnostic accuracy studies (QUADAS-2).[@R32] Each item of the QUADAS-2 quality assessment list was answered with a yes, no, or unclear and the score of each study calculated individually.

Statistical methods {#s2-4}
-------------------

The sensitivity and specificity together with their 95% confidence intervals (95% CIs) were summarized by the random-effects model. The diagnostic accuracy was assessed using the overall summary receiver operator characteristic (SROC) curve and the area under the SROC curve (AUC). Apart from that, a χ^2^ test was implemented to infer the heterogeneity among individual studies. If the *P*-value of the χ^2^ test is \<0.05, then there is significant heterogeneity among individual studies. Subgroup analyses were conducted to identify factors which contribute to the significant heterogeneity among individual studies. All statistical analyses were implemented using R 3.2.1 software.

RESULTS {#s3}
=======

Literature search {#s3-1}
-----------------

A total of 347 articles were initially selected using the searching strategy, and 7 of the articles were excluded because of duplications. Another 290 of those articles were excluded because of the exclusion criteria mentioned earlier. After that, 32 of the 50 remaining articles were further excluded because of irrelevant research topics or insufficient data. Finally, 18 articles including 28 studies were identified as eligible studies in this meta-analysis.[@R14]--[@R31] The literature selection flow chart is illustrated in Figure [1](#F1){ref-type="fig"}. The result of QUADAS-2 score is shown in Figure [2](#F2){ref-type="fig"} and an average QUADAS-2 score of 8 suggests a satisfactory quality of the eligible articles.

![Literature selection flow chart.](ajt-23-e388-g001){#F1}

![QUADAS-2 score for quality assessment.](ajt-23-e388-g002){#F2}

Baseline characteristics of included studies {#s3-2}
--------------------------------------------

Table [1](#T1){ref-type="table"} indicates the main characteristics of the 18 studies which were included in the meta-analysis with an overall sample size of 3676 (2097 cases, 1579 controls). The 18 studies were stratified by 2 ethnic groups (Asian and white). Moreover, different types of cancer were investigated, including prostate, ovarian, endometrial, breast, gastric, bladder, renal cell, colorectal, cervical, and lung cancer. In addition, 6 types of specimen were applied in these studies including the plasma, serum, tissue, urine, blood, and sputum. All of the 5 members in miR-200 family have been tested (miR-200c: 8 studies, miR-200b: 5 studies, miR-200a: 7 studies, miR-141: 7 studies, and miR-429: 1 study). All of the 28 studies were published between 2008 and 2015.

###### 

Main characteristics of 18 studies included in meta-analysis.

![](ajt-23-e388-g003)

Diagnostic accuracy of miR-200 family in cancer {#s3-3}
-----------------------------------------------

The pooled analysis of miR-200 family in cancer diagnosis is summarized in Table [2](#T2){ref-type="table"}, and forest plots on sensitivity and specificity of individual studies are shown in Figure [3](#F3){ref-type="fig"}. The pooled sensitivity and specificity with their 95% confidence segments are 0.709 (95% CI: 0.657--0.755) and 0.667 (95% CI: 0.617--0.713), respectively. The pooled AUC and partial AUC is 0.735 and 0.627, indicating a moderate accuracy for cancer detection (Figure [4](#F4){ref-type="fig"}). The *P*-value of the χ^2^ test for heterogeneity is \<0.01, suggesting a statistically significant interstudy heterogeneity. As a result of this, subgroup analyses should be carried out to investigate the heterogeneity among individual studies.

###### 

Summary estimates of diagnostic performance of miR-200 family for cancer detection.

![](ajt-23-e388-g004)

![Forest plots of sensitivity (A) and specificity (B) for included studies.](ajt-23-e388-g005){#F3}

![The overall sensitivity and specificity of miR-200.](ajt-23-e388-g006){#F4}

Subgroup analyses {#s3-4}
-----------------

Subgroup analyses were performed to investigate how different study characteristics such as subject ethnicity, cancer types, specimen, and miR-200 profiling affect the accuracy of miR-200 for cancer detention.

Results from Table [2](#T2){ref-type="table"} suggest that the sensitivity of miR-200 family for cancer detection in the white group was higher than that in the Asian group (0.724 \> 0.664, *P* \< 0.05), whereas the specificity in the Asian group was no different than that in the white group (0.686 vs. 0.664, *P* = 0.141). Additionally, AUC in the white group was 0.745 and 0.725 in the Asian group as suggested by the SROC curve of "white versus Asian" (Figure [5](#F5){ref-type="fig"}A). However, the partial AUC of the white group was 0.643, which was lower than that of the Asian group of 0.657. Therefore, the difference in the sensitivity and specificity of miR-200 for cancer detection could be attributed to the difference in ethnicity.

![Subgroup analysis by ethnicity, cancer types, specimen, miR-200 (A, white vs. Asian; B, different types of cancer; C, circulating miR-200 vs. noncirculating miR-200; D, different types of miR-200).](ajt-23-e388-g007){#F5}

Subgroup analysis by cancer types (breast, ovarian, endometrial, prostate, and other cancer) is also revealed in Table [2](#T2){ref-type="table"}. The pooled sensitivity, specificity, AUC, and partial AUC of miR-200 for detecting breast cancer was 0.702 (95% CI: 0.605--0.783), 0.687 (95% CI: 0.643--0.727), 0.721 and 0.779, respectively. Similarly, the above figures of miR-200 for detecting ovarian cancer was 0.775 (95% CI: 0.686--0.845), 0.536 (95% CI: 0.363--0.701), 0.748, and 0.769. Moreover, miR-200 for detecting endometrial cancer had the highest specificity and AUC (0.769, 0.805). Corresponding figures of miR-200 for detecting prostate cancer was 0.547 (95% CI: 0.463--0.628), 0.626 (95% CI: 0.461--0.766), 0.581, and 0.459, respectively. Finally, corresponding figures of miR-200 for detecting other cancers were 0.755 (95% CI: 0.591--0.868), 0.728 (95% CI: 0.630--0.808), 0.789, and 0.565, respectively. The difference in the sensitivity, specificity, and AUC between the 5 cancer types is illustrated in Figure [5](#F5){ref-type="fig"}B.

The difference in sensitivity, specificity, AUC, and partial AUC was also investigated by different types of specimen. Two types of specimen were considered by the subgroup analysis: circulating group (serum, plasma, blood) and noncirculating group (sputum, tissue, urine). Table [2](#T2){ref-type="table"} suggests that miR-200 with circulating specimen had higher specificity, AUC, and partial AUC, whereas miR-200 with noncirculating specimen had higher sensitivity. The sensitivity and specificity of the circulating and noncirculating subgroups were 0.697 versus 0.758 (*P* \< 0.05) and 0.673 versus 0.671 (*P* = 0.873). The SROC curves of "circulating miR-200 versus noncirculating miR-200" (Figure [5](#F5){ref-type="fig"}C) are plotted in Figure [5](#F5){ref-type="fig"}. The AUC and partial AUC of the circulating subgroup were 0.737 and 0.654, which were higher than that of the noncirculating group (0.683, 0.320).

Subgroup analysis by miR-200 profiling (miR-200a, miR-200c, miR-141, others) suggests that the diagnostic accuracy of miR-200 family varied for different miR-200 members. The pooled sensitivity, specificity, AUC, and partial AUC of group based on miR-200a are 0.690 (95% CI: 0.600--0.768), 0.621 (95% CI: 0.503--0.726), 0.705, and 0.637. The corresponding figures of miR-200c are 0.710 (95% CI: 0.636--0.775), 0.668 (95% CI: 0.595--0.734), 0.737, and 0.501. The third group (miR-141) has the highest specificity. The corresponding results of the third group are 0.682 (95% CI: 0.586--0.765), 0.701 (95% CI: 0.662--0.776), 0.745, and 0.509. The fourth subgroup (miR-200b and miR-429) have the highest sensitivity, AUC, and partial AUC. Corresponding figures of the fourth group are 0.775 (95% CI: 0.572--0.899), 0.630 (95% CI: 0.460--0.773), 0.747, and 0.641.

DISCUSSION {#s4}
==========

Cancer has been considered as one of the major threats to human beings because of its high mortality, and a lot of effort has been made to discover effective diagnosis and treatment methods. Recently, enormous studies have contributed to unfold alternative diagnostic methods, as the early detection and diagnosis of cancer is critical to the survival of patients with cancer. Conventional cancer detection methods are often criticized by many drawbacks such as invasion to human body,[@R3] high health risk,[@R4] and misdiagnosis due to low sensitivity and specificity.[@R3] However, miR-200 dysregulation has been found in various cancers,[@R6],[@R7] and miR-200 is extremely stable in the blood system.[@R12]--[@R14] Therefore, miR-200 has been considered as the novel biomarker for cancer diagnosis, and evidence has suggested that miR-200 plays a key role in the development of tumors. One recent review summarized that miR-200 has dysregulation in 17 types of cancer.[@R5] In addition, several studies have explored miR-200 family members as indicators for cancer detection.[@R14]--[@R31] Thorough research and data extraction enabled us to include 18 articles together with 28 eligible studies in the meta-analysis. However, the diagnostic value of miR-200 for detecting cancer remained unclear because of significant heterogeneity among individual studies.

Results from the meta-analysis suggest that the overall AUC, a useful indicator for diagnostic accuracy, is 0.735. In addition, the pooled sensitivity and specificity with their 95% CIs are 0.709 (95% CI: 0.657--0.755) and 0.667 (95% CI: 0.617--0.713), respectively. As a result of this, the diagnostic accuracy of miR-200 is considered to be neutral.

Subgroup analysis by ethnicity revealed that miR-200 in the white group has higher sensitivity and larger AUC than the Asian group. Significant heterogeneity among individual studies may contribute to this phenomenon, such as unmatched sample size, different miR-200 family members, and different types of cancer. Four miR-200 family members (miR-200a, miR-200c, miR-141, miR-429) were applied in the Aisan group, whereas all subtypes of miR-200 family members were tested in the white group. Diagnostic accuracy using miR-200 in the white group is more reliable than in the Asian group. Therefore, miR-200 is more likely to be an applicable biomarker for cancer detection in whites.

A subgroup analysis by types of cancer was also conducted to assess how different types of cancer affect the diagnostic accuracy of miR-200. Cancer types were divided into 5 groups: breast, ovarian, endometrial, prostate, and other cancers (include gastric, colorectal, cervical, lung, bladder, and renal cell cancer). Our results suggest that the diagnostic accuracy varied for different types of cancer. For example, miR-200 in endometrial cancer had comparatively high specificity and AUC, whereas miR-200 in ovarian cancer had comparatively high sensitivity. This may be explained by heterogeneity that arises from many factors, including various specimens, unmatched sample sizes, and different ethnicities. Since the diagnostic accuracy of miR-200 was relatively high in endometrial and ovarian cancers, miR-200 family members might be considered as biomarkers for detecting endometrial and ovarian cancers. It is strongly recommended that future studies with matched sample size, ethnicity, and specimen should be designed and performed to confirm the conclusion.

Another subgroup analysis by specimen indicates that miR200 using circulating specimen (serum, plasma, blood) for cancer detection was more accurate than that using noncirculating specimen (sputum, tissue, urine) because of the relatively high specificity, AUC, and partial AUC. However, noncirculating specimen had higher sensitivity than that of circulating specimen. This may arise from unmatched sample size, different ethnicity, and different types of cancer. For example, only 1146 samples from 9 studies were tested using noncirculating specimen, whereas more than half of the study cases were involved in circulating specimen. In addition, ethnicity was not evenly distributed in the 2 groups of specimen. The circulating group contained mainly whites, whereas the noncirculating group contained mainly Asian, and the different ethnicity distribution in the 2 specimen groups might result in difference in the diagnostic accuracy of miR-200. Since circulating specimen group had more accurate diagnostic accuracy than the non-circulating specimen group, miR-200 is more likely to be an applicable biomarker for cancer detention using circulating specimen.

Finally, 28 studies were divided into 4 groups based on the miR-200 family members: miR-200a, miR-200c, miR-141, and others (miR-200b, miR-429). As suggested by Table [2](#T2){ref-type="table"}, miR-200b and miR-429 show the highest potency in cancer diagnoses because of the highest sensitivity, AUC, and partial AUC, whereas miR-141 had the highest specificity and lowest sensitivity. The disparity of diagnostic accuracy among different miR-200 family members suggests the great possibility of mi-RNA class being the resource of heterogeneity. Our results revealed that miR-200b and miR-429 were more accurate than other miR-200 family members for cancer diagnosis, except for their relatively low specificity. One possible solution might be using miR-200 as a parallel test together with other diagnostic tests, then the negative result would only be confirmed when both tests are negative. Some researches have adopted similar strategies which are more effective than conventional diagnosis methods.[@R19],[@R33]

Nevertheless, certain limitations still exist in the meta-analysis. As discussed in the subgroup analyses, the imparity of ethnicity remained to be clarified, and this might be considered as a source of heterogeneity among individual studies. Moreover, all the eligible studies included in the meta-analysis were based on single mi-RNA profiling, which might be inadequate to evaluate the diagnostic value of the miR-200 family as biomarker for cancer detection. Since not all members of the miR-200 family share the same dysregulation model in human cancers,[@R3],[@R5] the function in cell division and apoptosis is different as well;[@R34]--[@R36] it is necessary to carry out further analysis to investigate how multiple miRNA profiling affects the diagnostic accuracy for cancer detention. Finally, publication bias of included studies was not evaluated which could be another concern to the result of the meta-analysis.

In conclusion, miR-200, especially miR-200b and miR-429, may provide a valuable reference for cancer detection. Alternatively, miR-200 family members could be used in conjunction with other cancer diagnosis methods. However, studies matched by confounding factors such as ethnicity and specimen should be designed to confirm the diagnostic value of miR-200.
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